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Abstract 
Battery packs for purely electrical driven vehicles should allow for a long driving range, therefore they must be as light as 
possible. The aim of the project “SmartBatt” – funded by the EC under the 7th Framework Programme – was to create a 20 kWh 
battery pack which exhibits a 10-15% weight reduction as compared to the State of the Art. This was accomplished by using 
innovative sandwich materials made of aluminum face sheets and a core of aluminum hybrid foam for the battery housing. 
Aluminum-epoxy hybrid foams can be obtained by first producing small aluminum foam granules. The foamed granules are then 
coated with an epoxy adhesive which contains a foaming agent. After filling a hollow structure with the coated aluminum foam 
spheres the foaming and curing of the adhesive coating is initiated by a mild heat treatment at temperatures between 100 and 
200°C. As a result a composite material is formed which consists of aluminum foam spheres embedded in a matrix of epoxy 
foam (hybrid foam). By placing and curing the coated granules between two face sheets aluminum hybrid foam sandwiches can 
be produced. 
The mechanical characteristics of the core layer material like compression strength and specific deformation energy absorption 
were determined using quasi-static and high strain rate compression tests. Relevant material properties and the overall 
achievements in this case study will be presented. 
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1. Introduction 
The European countries committed themselves to reduce the emissions of CO2 in order to mitigate the effects of 
the global climate change. In the field of individual transport systems electric driven vehicles (EV) offer a great 
potential for CO2 reductions. Despite the efficient electric drive train modern EV suffer from the small amount of 
energy stored in their batteries. In order to allow an acceptable driving range the energy density of the battery packs 
for EV has to be as high as possible. In the past battery development focused on the chemical approach to enhance 
the energy density of the used chemistry. The second approach is to maximize the energy density by reducing the 
weight of the battery pack while the energy content is fixed. This approach was used in the project “Smart and Safe 
Integration of Batteries in Electric Vehicles – SmartBatt” (www.smartbatt.eu). The aim of “SmartBatt” was to 
design and build up a 20 kWh battery pack which is 10-15% lighter than a comparable State of the Art solution. 
One step to accomplish this goal was to integrate the battery housing into the floor structure, i.e. using the floor 
structure as top of the battery housing. The battery case is no longer a separate supplement but a fully integrated and 
basic structural component of the vehicle body, leading to weight reduction well as enhanced crash safety of the EV. 
A second step to reach the targeted weight reduction was to manufacture the bottom part of the battery housing 
from an aluminum foam sandwich material. A number of different possible sandwich solutions such as 
FOAMINAL®, AFS, Advanced Pore Morphology (APM) foam and APM hybrid foam were analyzed. The analysis 
resulted in the use of sandwiches with a core layer of APM hybrid foam. 
2. Material and Processing 
In the so-called APM-technology (Stöbener et al. (2005), Stöbener et al. (2008)) the aluminum foam is 
prefabricated in the shape of granules. These granules are then coated with thermally activated adhesives and 
subsequently thermally bonded to larger structures. This technology offers eminent cost reduction potential in the 
case that hollow structures have to be filled as here no extra molds (with extra costs) are necessary for the foam 
production. Furthermore, the producer of the component has not to occupy himself with the aluminum foam 
technology as the foam granules are prefabricated with reproducible and narrowly-defined material parameters.  
Such "APM" aluminum foam granules can also be used for the production of a new kind of hybrid aluminum-
polymer foam where aluminum foam granules are embedded into a matrix of polymer foam. Aim of this material 
development was to combine the good energy absorption capability of the aluminum foams with the easy 
applicability of the polymer foams. The technology itself is closely related to the (older) technology of the APM-
foam production, see Figure 1. The aluminum foam granules are produced from cut pre-cursor material and coated 
with thermally activated adhesives which contain chemical foaming agents. The coated granules are subsequently 
poured between the two face sheets of the prospective sandwich structure. During a subsequent heat-treatment at 
moderate temperatures the adhesive melts, foams up and cures and bonds the aluminum spheres to each other and to 
the face sheets. 
 
a) b) c) d) 
Fig. 1. Processing steps of the hybrid foam technology: cut precursor (a), foamed APM granules (b), APM coated with foamable polymer (c), 
hybrid foam sandwich (d). 
3. Experimental Approach 
In order to determine the mechanical properties of the core layer material, AlSi10 foam granules of diameter 7 
mm but different real densities (0.55 g/cm3, 0.65 g/cm3, 0.75 g/cm3) were produced. The foamed spheres were 
coated with two different thicknesses (100 m and 200 m) of the epoxy Araldite AT1-1 containing 1.5wt% 
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Genitron OB as foaming agent. All test specimen were cured at 160°C for 3 hours in cylindrical aluminum tubes, (Ø
= 50 mm, h = 75 mm). For each set of parameters 3 samples were prepared and tested.
The quasi-static compression tests followed DIN 50106 and were performed at IFAM using a test unit Zwick
1476 with a test speed of 20 mm/min. The stress-strain curves of the quasi-static tests were used for a direct
comparison to the results of the high-rate compression tests, which are more relevant for typical crash situations. 
For the dynamic compression tests a fast driven servo-hydraulic high rate testing machine with a load capacity of 
100 kN was used at IWM, Freiburg. The cylindrical specimens with a length of 75 mm and a diameter of 50 mm
were tested at a velocity of 800 mm/s resulting in strain rates of approximately 10 s-1. The force was measured by a
piezoelectric load cell. The elongation was determined via optical inspection with a special high speed video camera
(up to 1 mio frames/s). From the compression curves specific parameters like the tangent modulus, yield
compression strength, mean plateau stress and volume specific energy absorption were determined. Procedure
followed DIN 50106, though the energy absorption was determined only in the experimentally available strain range
of 0-40%.
4. Results and Discussion
The compressive stress-strain curves obtained in the quasi-static and dynamic experiments are presented in Figure
2 and Figure 3 for both polymer coating thicknesses.
In all cases, the characteristic compressive material response of foams is observed: an initial steep increase is
followed by a wide range stress plateau with almost constant stresses at increasing compressive strain levels.
The final densification range was not covered by the dynamic experiments, since the evaluation of the
experimental data is discontinued as soon as the strain rate decreases due to the commencing retardation of the
loading device (for better comparison the quasi-static plots were limited to the same strain range). 
Comparison of the stress-strain-curves of the quasi-static and dynamic tests showed no perceivable strain-rate
effect. A similar behavior is known for aluminum mono-foams like FOAMINAL® (Hall et al. (2000), Deshpande et
al. (2000)). Considering many closed-cell polymer mono-foams, however, commonly some strain rate effect can be
found due to the resistance of the enclosed gas against the pore volume compression. This effect should be less
significant for a high-strength polymer like the used epoxy Araldite AT1/1. For hybrid foams, of course, the
situation is much more complex because of the mechanical interaction of the both foam phases.
A comparison of the different material variants considered in this experimental investigation reveals that the
plateau stress and thus the specific energy consumption increase as the APM density is increased due to the higher
amount of aluminum with higher yield stress in the hybrid material. It is also observed that the higher coating
thickness (200 m) results in a higher plateau stress level and – as a consequence – in the specific energy
consumption. This behavior can be explained by the high-strength nature of the Araldite AT1-1 polymer applied in
the investigations.
Fig. 2. Compressive stress-strain response under quasi-static loading conditions
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Fig. 3. Compressive stress-strain response under dynamic loading conditions (d/dt = 10 s-1) 
5. Build-up of The Battery Housing 
After the investigation of the mechanical properties of the core layer material the detailed parameters of the 
sandwiches for the bottom parts of the battery housing were engineered. These parts have the shape of rectangular 
pans with flanges, see Figure 4. In a serial production scenario the pan-like face sheets could be produced by deep 
drawing, but for the prototypes of the “SmartBatt” project the face sheets were manufactured by bending the rims of 
flat aluminum sheets and welding the edges. 
Limited construction space and the high strength and stiffness of the APM hybrid foam sandwiches resulted in a 
total sandwich thickness of 5 mm. Therefore, aluminum spheres with a diameter of 4 mm and a face sheet thickness 
of 0.5 mm were selected. Granules of an AlSi10 precursor wire were foamed up to a real density of 0.6 g/cm3, so 
that a bulk density of 0.4 g/cm3 was obtained. The foamed spheres were coated with the epoxy Araldite AT1-1 
containing 1.5wt% Genitron OB as foaming agent. The bulk density of the coated spheres was 0.46 g/cm3. For 
manufacturing the prototype sandwich pans a first pan – representing the bottom face sheet – was filled with a 
monolayer of coated APM spheres. Then a slightly smaller pan – representing upper face sheet – was inserted into 
the bottom pan so that both face sheets were in direct contact with the monolayer of spheres. To achieve a bonding 
of the flanges the inner parts of the flanges were coated with the same adhesive (Araldite AT1-1), but without a 
foaming agent. Foaming and curing of the adhesive coating was accomplished by heating the composed pan in a 
furnace at 160°C for 3 hours. After this heat treatment all aluminum spheres were bonded to each other and to the 
face sheets and also the flanges were glued together, see Figure 5. 
 
  
 
Fig. 4. CAD drawing of the bottom part of the 
SmartBatt battery housing. 
Fig. 5. Prototypic bottom parts of the battery 
housing made of APM hybrid foam sandwich 
material.
Fig. 6. Battery pack as an integral part of the 
BIW. 
   
The integral density of this 5 mm sandwich material is 0.94 g/cm3, which is a third of the density of aluminum 
(2.7 g/cm3). The bending stiffness was calculated to be 3.54·108 Nmm2 and the measured weight per unit area was 
4.72 kg/m2. This can be compared to a State of the Art monolithic aluminum sheet of 3.3 mm thickness, which has a 
bending stiffness of only 2.1·108 Nmm2 (57% less) and a mass of 8.91 kg/m2 (89% more). Due to the thickness and 
good energy absorbing properties of the aluminum foam sandwich material an enhanced intrusion protection was 
realized. In addition the thermal properties of this material are another benefit. Measurements of the coefficient of 
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thermal conductivity of the APM hybrid foam sandwich material resulted in a value of 0.4 W/(m·K) (Kapeller et 
al.), which is more than 500 times lower than the coefficient of thermal conductivity of solid aluminum (220 
W/(m·K)). This also indicates an enhanced protection of the battery modules in case of an accident involving fire. 
6. Conclusion 
In this paper we reported on the experiments performed at Fraunhofer on the mechanical and thermal properties 
of aluminum hybrid foam sandwiches and the application of this innovative material for battery housings of EV, 
Figure 6. 
In the strain rate range investigated here, no significant strain rate sensitivity of the hybrid foam was observed. 
The plateau stress increases as the APM density is increased. It was also observed that a higher coating thickness 
results in a higher plateau stress. 
The “SmartBatt” project showed that innovative materials and intelligent mechanical engineering can 
significantly increase the energy density of battery packs for pure EV. 
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